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The degradation of environmental organoarsenicals has been documented for 171 some time, 34, 35 while few molecular mechanisms for these reactions have been 172 demonstrated. Recently, a two-step pathway of MSMA reduction and demethylation 173 was elucidated. 36 Although no reductases of pentavalent organoarsenicals have been 174 identified as yet, the enzyme, ArsI, which catalyzes demethylation of trivalent 175 organoarsenicals, was identified and characterized from the environmental isolate 176 bacterium Bacillus sp. MD1 37 and from the cyanobacterium Nostoc sp. 7120. 38 ArsI, 177 a non-heme iron-dependent dioxygenase with C-As lyase activity, cleaves the C-As 178 bond in MAs(III), trivalent roxarsone, and other trivalent aromatic arsenicals. 179 Putative ArsI orthologs were found only in bacterial species, suggesting that 180 alternate pathways of organoarsenical demethylation might exist in other organisms. 2.3 The organoarsenical cycle 183 The arsenic concentration in seawater is around 1 to 2 µg per liter, mainly inorganic 184 arsenic that is usually transformed into complex organoarsenical compounds by 185 marine organisms. 39 Arsenosugars, first identified in 1981, 40 are commonly 186 detected water-soluble arsenic species present in marine algae; arsenobetaine is the 187 most abundant arsenical in the majority of marine animals. 39 Although several potential pathways have been proposed for the synthesis of 216 complex organoarsenicals, 7 few genes involved in these biotransformation have 217 been identified. Even less is known about the degradation of these organoarsenicals, 218 and more studies are needed on this front.
219

Arsenic efflux pathways 220
The best way to deal with toxic arsenicals in cells is acquisition of an efficient efflux 221 system. As(III) efflux systems have been intensively studied in both microbes and 222 higher organisms. 56, 57 As(III) efflux in most bacteria was mediated by ArsB in an 223 energy-dependent process, driven in Staphylococcus aureus by the membrane 224 potential 58 and in E. coli by ATP hydrolysis that ArsA binds to ArsB to an 225 ATP-driven arsenic-specific pump. 59 In the legume symbiont S. meliloti, an 226 aquaglyceroporin (AqpS), instead of ArsB, has been identified to extrude As(III) 227 from cells. 60 Acr3 has been shown to be an As(III)-efflux transporter in both 228 bacteria and yeast, and provides a pathway for As(III) extrusion from cells. 61 In fact, 229 genes for Acr3 are more wide-spread in bacteria and archaea than are arsB genes.
230
The cytosolic As(III)/glutathione complex sequestered into vacuoles by an 231 ABC-type transporter, Ycf1p (yeast cadmium factor protein), is the second pathway 232 for As(III) detoxification in yeast Saccharomyces cerevisiae. 62
233
Recently, a novel mechanism for As(V) resistance was identified in a variety of 234 microbes including Pseudomonas aeruginosa. 63 In these bacteria there are two as poorly soluble sulfides such as arsenic trisulfide 87 or Fe-As-sulfide. 88 Recently, "Arsenomics" was termed as an approach to focusing on the analysis 457 of alterations in transcriptome, proteome and metabolome occurring in microbes 458 exposed to arsenic. 137, 138 With the application of meta-omics to environmental 459 science, we believe that Arsenomics will evolve to include the analysis of 460 metagenomic, metatranscriptomic, metaproteomic, and metabolomic changes in 461 microbial communities from the real environment where they are exposed to arsenic. In future studies, it will be necessary to perform the phylogenetic analyses of the 499 genes involved in arsenic metabolism and analyze the interaction between organisms 500 and the environment using additional meta-omics approaches at different (Table S1 ).
